Introduction

42
Influenza virus is an enveloped virus with a negative-sense RNA genome 43 consisting of eight RNA segments encoding 11 proteins (37). There are three integral 44 membrane proteins: the receptor binding/membrane fusion glycoprotein hemagglutinin membrane fusion without triggering recruitment of the clathrin lattice (46). Similar 88 results were found using inhibitors of clathrin-and caveolar-mediated endocytosis; 89 where influenza virus entry was able to proceed with near wild-type (wt) efficiency 90 despite the block in canonical endocytic pathways (46, 51) . Recent work utilizing a 91 filamentous strain of influenza virus showed that the virus entered cells as efficiently as 92 the spherical forms, though with slightly delayed kinetics that may be attributed to a 93 dependence on an undetermined, dynamin-independent, entry pathway (50). This 94 dynamin-independent pathway was recently shown to be capable of mediating the entry 95 of spherical influenza virions when clathrin-mediated endocytosis was inhibited (14) .
96
Further examination of this alternate entry pathway showed that it possesses many of 97 the hallmarks of macropinocytosis (14) .
98
In this study we confirm that, in addition to the standard clathrin-mediated cpz was also present (Fig. 1a, c) . Extraction of membrane cholesterol by methyl-β-
266
cyclodextrin was more effective at inhibiting infectivity in the presence of cpz, whereas 267 inhibition of dynamin by Dynasore, significantly attenuated infectivity even when cpz 268 was not present (Fig. 1c ).
269
Differences in percent inhibition were observed in this study as compared to the (43) (Fig. 2c) . Similarly, treatment of filamentous virus with mAb-5C4 had no effect on viral 347 infectivity for both wt and Pak1-DN expressing cells (Fig. 2b) A/California/09 (Fig. 2c ). This filamentous virus was also significantly inhibited by Pak1-
358
K299R expression (Fig. 2b ), albeit at a slightly lower level than A/Udorn/72. In contrast
359
to the filamentous strains, infection with a laboratory strain that produces only spherical 360 virions, A/WSN/33 (Fig. 2c) , showed no loss of infectivity when Pak1-K299R was 361 expressed, similar to the spherical variant, A/Udorn/72-1a (Fig. 2b, c) . This confirms (Fig. 3) were visible on the cell surface next to many cellular protrusions resembling membrane 390 blebs or ruffles (Fig. 4a) . Filamentous and spherical virions could be seen in the 391 process of engulfment by membrane protrusions that appeared to be the initial stages in 392 macropinosome formation (Fig. 4a) .
393
To visualize virions that have been engulfed in macropinosomes we blocked resembling macropinosomes (Fig. 4b) . Whereas spherical virions were found in both 398 macropinosomes ( Fig. 4b ) and clathrin-coated vesicles (Fig. 4e) , filamentous virions
399
were only seen in macropinosome-like compartments (Fig. 4b) . To confirm that the resembling macropinosomes (Fig. 4c, d ). It should be noted that the observation of 405 oblong virions in Fig. 4b-d allowed to bind the cell-surface at 4°C, internalized virions are never detected (Fig. 5a , 0 min). It is important to note that in each field of view only a small number of filaments 433 are observed (Fig. 5a ), due to the low efficiency of the entry and staining methodology 434 and the great fragility of the filaments. Nonetheless, filamentous virions are consistently 435 observed and additional examples are presented as Fig. 5b .
436
By using this imaging method we were able to visualize filamentous virions 437 attached to the cell surface before entry had begun (Fig. 5a) . From 15 to 30 min p.i., we 438 observed the presence of filamentous virions within the cell (Fig. 5a, b) . The presence 439 of internally-stained filaments confirms the observations made in Fig. 4 , showing that 440 filamentous virions are able to enter the cell without requiring fragmentation.
441
Interestingly, by 60 min p.i., no filamentous virions were visible within the cell, however,
442
an increased number of spherical particles were observed (Fig. 5a) internalized influenza virus filaments and acidified cellular compartments at 15 min p.i.
457
( Fig. 6b) . However, by 30 min p.i, one end of viral filaments could be seen to colocalize 458 with the acidified compartment (Fig. 6b) internalized filamentous virions were evident at 2 h p.i. (Fig. 4b) , whereas when 468 endosomal acidification proceeded normally all filamentous virions were lost from within 469 the cell by 1 h p.i. (Fig. 6b) to a rapid loss of filamentous virus from the cell surface (Fig. 7a) antibody, mAb-5C4, had no affect on LUV morphology (Fig. 8) (Fig. 1a, c, e) . While the spherical forms of influenza virus appear equally capable of 526 utilizing clathrin-mediated endocytosis and macropinocytosis for their entry, we 527 observed that the filamentous forms of influenza virus primarily enter cells via 528 macropinocytosis (Fig. 2) . It is likely that the induction of macropinocytosis by 529 filamentous influenza virions is serum-dependent, as has been shown for spherical 530 influenza virions (14), as both morphologic forms appear to trigger macropinocytosis 531 similarly ( Fig. 3-4 ).
532
Our data allow us to postulate a model for the entry of filamentous influenza 533 virions and that is filamentous virions enter cells as intact filaments through the 534 induction of macropinocytosis (Fig. 4-6 ). It is not clear how macropinocytosis is RTKs on their cell surface, though this remains to be determined.
557
Our results suggest that the induction of macropinocytosis by filamentous virions protrusions that can be seen engulfing the filamentous virions (Fig. 4) . The engulfed 560 filamentous virions are then internalized into the cell within the macropinosome (Figs. 4, 
561
5, 6a), where they are then trafficked to an acidified cellular compartment (Fig. 6b) the resulting, disperse, spherical-like particles primarily generated from the treatment.
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Scale bar indicates 100 nm. 
